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Density and seismic velocities of chromitite body in oceanic mantle peridotite
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abstract

Density and seismic velocities of the chromitite bodies from the Oman ophiolite were calculated 
and compared with those of oceanic peridotites. The Oman chromitite is composed of olivine and 
chromian spinel, and the olivine/spinel volume ratio varies from 20 to 90 vol%. Chromian spinel in 
the chromitite is enriched in magnesiochromite component, and Fo content of olivine ranges from 94 
to 96. Compressibility of a natural chromian spinel [(Mg0.77Fe2+

0.23)(Cr0.46Al0.50Fe3+
0.04)O4] was measured 

with in situ synchrotron X-ray diffraction experiments, using a diamond anvil cell up to 10 GPa at 
300 K. The third-order Birch-Murnaghan equation of state yields the isothermal bulk modulus of KT 
= 192(7) GPa, its pressure derivative of KT′ = 4(1), and the zero-pressure volume of V0 = 560.6(2) 
Å3. Based on calculations using present and previous studies, the adiabatic bulk modulus of mag-
nesiochromite component was estimated to be 189 GPa. Using petrological and the mineral physics 
data, density and seismic velocities (Vφ, VP, VS) were calculated. The seismic velocities are higher 
than those of peridotites in the oceanic upper mantle and decrease with decrease of the spinel/olivine 
ratio. The contrast between chromitite and oceanic peridotite are 5.0–8.1% for Vφ, 2.7–4.9% for VS, 
and 4.1–6.7% for VP in the Moho transition zone chromitite, and 2.6–6.5% for Vφ, 1.4–3.3% for VS, 
and 2.2–5.2% for VP in the discordant mantle chromitite. This contrast is large enough to be detected 
by seismological observations and becomes a key to knowing the distributions of chromitite in the 
oceanic upper mantle.
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iNtroductioN

Podiform chromitite bodies are locally found in orogenic 
peridotite complexes and mantle sections of ophiolite all over the 
world. Although they exist only in small quantities, their presence 
is of interest with respect to the tectonic setting of the formation 
of igneous sections in ophiolite. Despite the considerable number 
of studies done about the origin of ophiolites, the tectonic setting 
of the igneous sequence of ophiolites remains controversial. For 
example, the formation of the igneous sequence of the Oman 
ophiolite, in which there are large chromitite bodies in the mantle 
section and Moho transition zone, is explained by various tectonic 
models (Augé 1987; Leblanc and Ceuleneer 1992; Ahmed and 
Arai 2002). Nicolas and his co-workers concluded that the Oman 
ophiolite was formed at a fast-spreading mid-ocean ridge system 
(e.g., Nicolas 1989). On the other hand, the northern Oman ophi-
olite has upper pillow lavas of supra-subduction zone origin in 
addition to MORB-like lower lavas (Pearce et al. 1981: Alabaster 
et al. 1982) and was suggested to be derived from a back-arc 
basin (e.g., Schiano et al. 1997). Ahmed and Arai (2002) found 
two different types of chromitite bodies in the Oman ophiolite 
and concluded that one was formed at a mid-ocean ridge and the 
other was formed at a subduction zone. 

Chromitite, which is common in ophiolite, is not found in the 

oceanic peridotites from mid-ocean ridges and ocean floors, except 
for one rod-shaped mini-chromitite pod, about 2 cm across and 
10 cm long from Hess Deep, East Pacific Rise (Arai and Matsuk-
age 1996; Matsukage and Arai 1998). If some of the chromitite 
bodies in the ophiolite were formed at a mid-ocean ridge, we can 
find the chromitite at present mid-ocean ridges and/or ocean floor 
regions. One major limitation with the approach of using natural 
rock samples from the ocean floor is the limitation of sampling 
area. But chromitite in the uppermost mantle may be detected by 
seismological observations, if a chromitite body is formed at the 
uppermost mantle beneath mid-ocean ridges. The advantage of 
using seismological observations is that the coverage of data is 
much wider than through direct sampling.

The purpose of this study is to calculate the density and seismic 
velocities of chromitite from the Oman ophiolite and to compare 
them with those of peridotites that derived from the uppermost 
mantle beneath mid-ocean ridges (=oceanic peridotites) to facili-
tate a search for chromitite in the oceanic region. First, we present 
the modal and chemical compositions of constituent minerals of 
chromitite from the Oman ophiolite. Then we show the compress-
ibility of a chromian spinel with natural chromitite composition us-
ing a diamond anvil cell to determine the isothermal bulk modulus 
and its pressure derivative. Elastic properties of silicate minerals 
in the uppermost mantle were precisely determined by previous 
studies (e.g., Graham and Barsch 1969; Sumino 1979; Graham * E-mail: kmatsu@sci.ehime-u.ac.jp


